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A B S T R A C T
Objectives: The diagnosis and the surgical removal of a brain tumor can have serious impact on the quality of life
of a patient. The question rises, whether having more or just less memories of the procedure is better for coping
with such an event. Furthermore, for preoperative information of future patients it is important to know how
patients process their emotions and memories. The primary objective of this study was to investigate the link
between preoperative anxiety, the perioperative experience and the quantity and quality of postoperative
memories in patients who underwent intracranial tumor surgery.
Patients and methods: This study was a retrospective observational study; all patients who underwent intracranial
tumor surgery at the Erasmus Medical Centre Rotterdam between January 1st 2014 and December 31st 2015
were identiﬁed. In May 2016, all patients who were not registered as deceased were sent a questionnaire about
their anxieties, perceptions and memories of the perioperative period.
Results: In total 476 patients were included. 272 patients responded, which resulted in a response rate of
57.14%. In the general anesthesia (GA) group there was a signiﬁcant negative correlation between anxiety in the
perioperative period and the quantity and quality of memories. In the awake craniotomy group, there was a
signiﬁcant negative correlation between anxiety after the operation and the quantity of memories.
Conclusion: Patients in the GA group who experienced anxiety in the perioperative period had less quantity and
quality of memories and less patient satisfaction. Patients in the AC group who experienced anxiety after the
operation had only a lower quantity of the memory; there was no correlation with patient satisfaction.
1. Introduction
The diagnosis of a brain tumor and the surgical removal of this
tumor can have serious impact on the quality of life of the patient. As
patient centered care and value-based health care have become in-
creasingly important, information about the quality of postoperative
recovery and management of patient expectations are especially re-
levant [1,2]. Patients may undergo this procedure awake or under
general anesthesia (GA), which has impact on the quantity, but possibly
also on the quality of the memories about the perioperative period. It
may be questioned, whether more or less memories about the procedure
are an advantage for coping with such a major life event?
Only a few earlier studies investigated patient experience of patients
who underwent an awake craniotomy (AC) [3–5]. These studies showed
that according to the patients’ memories this anesthesia technique is
well tolerated by the patients, but nevertheless still can have
considerable impact. This impact did not only reﬂect on the direct
perioperative period, but also on the period of recovery and re-
habilitation after the procedure.
Therefore, we strived to learn more about how patients process and
cope with their emotions and memories of the perioperative period in
order to better inform future patients and manage their expectations
about the operation.
Recently, we published data of a diﬀerent, previous, small patient
population on the quality and quantity of memories in patients who all
underwent an awake craniotomy [6]. These data showed, that patients
did not remember a lot of the procedure despite being awake during the
whole period of resection, but also that the majority of these memories
were very positive.
Inspired by these ﬁndings, this study is the ﬁrst one to compare the
correlation between anxiety and the quantity and quality of memories
of the perioperative period, in patients who underwent brain tumor
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resection awake or under general anesthesia. The primary objective of
this study was to investigate the link between preoperative anxiety, the
perioperative experience and the quantity and quality of postoperative
memories. Our hypothesis was, that preoperative anxiety will result in
more negative memories and less patient satisfaction.
2. Materials and methods
The institutional medical ethics committee of the Erasmus
University Medical Centre approved this study (MEC-2016-125).
Written informed consent was obtained from all patients who partici-
pated in this study.
2.1. Study design
For this study, all consecutive adult patients who underwent neu-
rosurgery at the Erasmus Medical Centre Rotterdam between January
1st 2014 and December 31st 2015 were identiﬁed. Based on surgery
coding, 739 patients with an intracranial tumor resection were found.
2.2. Participants
In May 2016, after excluding patients registered as deceased in our
hospitals patient registry, 503 of these 739 patients received a ques-
tionnaire about their perception of the perioperative period. Patients
who did not reply, were sent a reminder in August 2016. Non-re-
sponders were included in the ﬁnal analysis to check for structural
factors diﬀering signiﬁcantly between responders and non-responders.
2.3. Setting
In case of general anesthesia, the technique was chosen by the re-
sponsible anesthetist (Total Intra-Venous Anesthesia or balanced an-
esthesia). Our standardized technique of awake craniotomy has been
described previously, and has not been changed for the patients in-
cluded in this study [6]. In summary, we rely on a detailed, personal
preoperative patient information and psychological preparation. In-
traoperatively we use a combination of local anesthesia with propofol
sedation during craniotomy and closure in spontaneous breathing pa-
tients with a nasal oxygen probe (non-invasive asleep-awake-asleep
technique).
2.4. Study size
In this study, all adult patients who underwent (stereotactical)
biopsies, intra-cranial tumor surgery and pituitary adenoma surgery
were included. After removing double cases (of patients who had
multiple operations in this period only the ﬁrst procedure was in-
cluded), a total number of 739 cases remained (see Fig. 1).
Patients undergoing a supratentorial tumor resection were mostly
extubated on the OR, patients with infratentorial tumors were fre-
quently transferred intubated to the Intensive Care Unit/Post
Anesthesia Care Unit (ICU/PACU), where extubation was performed on
a later moment. For uniformity reasons in our questionnaire extubation
was put after the transport to the PACU/ICU. It is worth mentioning,
that in our hospital the PACU is a high dependency unit with the option
for mechanical ventilation, which is independent from the recovery
room and dedicated to postoperative care for up to the ﬁrst 24 h.
2.5. Variables
Our questionnaire focused on anxiety and memories. Questions
addressing anxiety referred to diﬀerent time-points of the perioperative
process and to the patients and their relatives. The measured anxiety in
the relatives of patients was reported by the patients. These questions
could be answered on a 10-point scale (0= no anxiety, 10 = maximum
anxiety). The questions addressing the quality and quantity of mem-
ories were divided in 13 sub-questions, referring to the consecutive
events during the perioperative period, e.g. preoperative night on the
ward, arrival on the OR etc. (see Table 1). The questionnaire is added
(appendix).
All 13 sub-questions could be answered on a 5-point scale. For the
sub-questions in question 1 the scale ranged from no memory at all (1)
to a full and complete memory (5) and in question 2 the scale ranged
from totally negative (1) to totally positive (5). To analyze the quantity
and quality of memories the authors computed a sum score per patient
of all given answers. If the patient underwent an awake craniotomy the
answers to the questions about in- and extubation were not taken into
account for the sum scores concerning the quantity and quality of the
memories. So, the maximum sum scores of questions 1 and 2 were
11× 5 (=55) (Table 1). Furthermore, if the patient received general
anesthesia, the answers to the question about testing of the brain
function were not taken into account for the sum scores of the quantity
and quality of the memories. So the maximum sum scores of question 1
and 2 in the general anesthesia group was 12×5 (= 60) (Table 1).
If the respondent did report to have no memories of the speciﬁc sub-
question of the perioperative period when asked about the quantity,
any quality score on that speciﬁc sub-question was considered invalid
and not taken into account.
If the respondent did report to have any memory of the speciﬁc sub-
question of the perioperative period, answered “no memories” when
asked about the quality, the quality score was counted as ‘’neutral’’ for
that speciﬁc sub-question. Furthermore, if a respondent did not com-
pletely answer a question, then for the respective sub-question(s) the
responder was counted as a non-responder.
2.6. Data sources
The following data were collected from the electronic patient record
system of the Erasmus MC: age, gender and ASA (American Society of
Anesthesiologists)-class of the patient - a rough indicator of the general
state of health [1= healthy to 4 = seriously reduced vital functions],
type and side of the tumor, pathological determination of the tumor and
degree of resection of the tumor. The degree of resection of the tumor
was extracted from postoperative MRI scans and was categorized as
complete resection or a resection with remnant of tumor. If the ﬁrst
postoperative MRI scan was inconclusive due to edema or residual
blood, ﬁndings from later scans were analyzed.
Our primary outcome was the correlation between the quantity and
quality of memories of patients and the experienced anxiety. We also
analyzed the following possible inﬂuencing factors on the quantity and
quality of the memories: the amount of time elapsed between answering
the questionnaire and date of surgery (time-q) and the technique of
anesthesia (awake craniotomy or general anesthesia). Furthermore, we
analyzed the correlation between the overall satisfaction score and the
quantity and quality of the memories, the correlation between anxiety
prior and anxiety after the surgical procedure with the quantity and
quality of memories and the correlation between anxiety prior and after
the operation procedure and the overall satisfaction score. In addition,
we analyzed which parts of the procedure were seen as discomforting
by patients.
Because we had a quite large group of patients (91/476) who un-
derwent surgery for pituitary adenoma or craniopharyngeoma, we also
analyzed whether there was a diﬀerence between those operated via a
transphenoidal approach and those via a frontal craniotomy.
2.7. Statistical methods
All data were gathered by two of the authors (TvA, PdS) and any
inconsistencies and controversies were discussed with a third author
(MK), until consensus was reached. Processing of data and statistical
analysis was done using IBM SPSS Statistics, version 23, (Armonk, NY:
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IBM Corp.) Diﬀerences in mean scores for quality and quantity of
memories between the awake craniotomy and general anesthesia group
were calculated using Mann-Whitney U tests. Diﬀerences in mean
scores for anxiety prior to surgery and looking back to surgery were
calculated using the paired T-test. Correlations were analyzed using
Spearmen’s correlation coeﬃcient. The threshold for signiﬁcance was
set on a two-sided P value<0.05.
3. Results
Fig. 1 shows a ﬂowchart of the included and excluded patients.
In total, 476 patients were included. 272 patients responded, which
resulted in a response rate of 57.14%. There were no diﬀerences found
in baseline characteristics between responders and non-responders
(Table 2).
3.1. Primary outcome
In the general anesthesia group there is, as expected, a relative large
percentage of patients who do not know anything about the operation.
However, in the awake craniotomy group there is also a relatively high
Fig. 1. Flowchart of patients included in the study.
Table 1
Sub-questions about the consecutive events in time of the perioperative period
and the analyzed questions in each group.
Sub-questions of question
1 and 2
Analyzed in the awake
craniotomy group
Analyzed in the general
anesthesia group
Preoperative night on the
ward
✓ ✓
Arrival on the OR ✓ ✓
Inserting the i.v.-lines ✓ ✓
Intubation ✕ ✓
Fixing the head in the
Mayﬁeld clamp
✓ ✓
Local anesthesia of
surgical ﬁeld
✓ ✓
Craniotomy ✓ ✓
Testing brain function ✓ ✕
Tumor resection ✓ ✓
Closure of surgical ﬁeld ✓ ✓
Transport to the ICU/
PACU
✓ ✓
Extubation ✕ ✓
First night on the ICU/
PACU
✓ ✓
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percentage of patients who do not recall anything from the in-
traoperative events.
Whilst almost no patients in the awake craniotomy group report
‘completely negative memories’ at any moment of the perioperative
period (only 2 patients reported completely negative memories about
their ﬁrst night on the ICU/PACU), one patient in the general anesthesia
group has ‘completely negative memories’ about the intra-operative
period. In 3 other patients of the general anesthesia group some in-
traoperative memories were reported as “neutral”.
The mean scores for quantity of the memories of each sub-question
of question 1 are shown in Table 3. The quantity of memory in the
patients who underwent an awake craniotomy was signiﬁcantly higher
for ﬁxing the head in the Mayﬁeld clamp (P < 0.001), local anesthesia
of surgical ﬁeld (P=0.001), tumor resection (P < 0.001), closure of
surgical ﬁeld (P= 0.001), transport to the ICU/ PACU (P < 0.001) and
ﬁrst night on the ICU/ PACU (P=0.008). Despite these signiﬁcant
diﬀerences, the mean scores of the patients who underwent an awake
craniotomy still show a very low total quantity of memory in the period
after the iv-lines were placed until the ﬁrst night on the ICU/PACU.
The mean score for quality of the memories of each sub-question of
question 1 and of each sub-question of question 2 are shown in Table 4.
The only signiﬁcant diﬀerence between both groups was that patients
after an awake craniotomy experience the transport to PACU/ICU with
more positive memories than those after a general anesthesia
(P= 0.032).
We found no signiﬁcant diﬀerences in quantity and quality of the
memories in the general anesthesia group between patients who had a
pituitary adenoma, which was transspheniodally resected, and patients
who underwent a standard craniotomy.
Four patients in the GA group reported at least some intraoperative
memories of their craniotomy. Those patients were not positive about
their memories. In all four patients, we reviewed the ﬁles carefully, but
could not ﬁnd any other indicators (e.g. hemodynamic changes, post-
operative complaints) of unwanted intraoperative awareness.
The mean scores for anxiety of patients and their relatives in the
perioperative period for both the GA and AC group are shown in
Table 5a. Patients undergoing an awake craniotomy experienced less
pre-operative anxiety than patients who received general anesthesia
(P= 0.020).
In both groups we performed a paired t-test to investigate the
change of the mean scores of anxiety during the perioperative period.
We found a signiﬁcant decrease in mean anxiety score after the op-
eration procedure in the GA group (6.16 vs 4.70; P < 0.001). There
was only an insigniﬁcant decrease of the quite low mean anxiety score
in the AC group (4.59 vs 4.26; P= 0.612). However, there was a sig-
niﬁcant decrease in anxiety experienced by the relatives, after the op-
eration procedure for both GA (7.48 vs 6.30; P < 0.001) and AC (7.92
vs 6.16; P= 0.006).
There was a signiﬁcant diﬀerence between men (N=131) and
women (N=139) in mean scores for anxiety prior to surgery, (5.62 vs
6.36; P= 0.032). There was no signiﬁcant diﬀerence between men
(N=127) and women (N=137) in mean scores for anxiety post-
operatively (4.33 vs 4.96; P= 0.087).
The degree of malignancy of a tumor might add an extra impact to
the patients’ coping with the diagnosis and the surgical removal.
Therefore, we performed a sub-group-analysis, pairing the malignant
tumors glioblastoma, astrocytoma and metastasis (97 patients in total)
on the one side and the benign tumors meningioma, adenoma and
schwannoma (132 patients) on the other side. The only signiﬁcant
diﬀerences between the groups we found were a higher quality (16.9 vs.
13.62, P= 0.002) and quantity (11.78 vs. 9.42, P= 0.005) of mem-
ories for malignant tumors. However, when splitting the malignant
group between those operated as an awake craniotomy and those
Table 2
Baseline characteristics of responders versus not responders.
Responders
(N=272)
Non-responders
(N=204)
Male N (%) 131 (48.2) 99 (48.5)
Mean age (Years) 53.58 53.26
Body mass index (BMI, kg/m2) 26.89 26.92
ASA class N (%)
I 52 (19.1) 44 (21.6)
II 176 (64.7) 118 (57.8)
III 43 (15.8) 39 (19.1)
IV 1 (0.4) 2 (1.0)
V 0 (0.0) 1 (0.5)
Complete resection N (%) 80 (29.5) 59 (28.9)
Awake craniotomy (%) 27 (9.9) 8 (3,9)
Side of tumor (%)
Left 108 (39.7) 69 (33.8)
Right 92 (33.8) 77 (37.7)
Bilateral/midlinea 72 (26.5) 58 (28.4)
Outcome pathology N (%)
Glioblastoma 33 (12.1) 31 (15.2)
Astrocytoma 47 (17.3) 35 (17.2)
Schwannoma 6 (2.2) 1 (0.5)
Metastasis 19 (7.0) 14 (6,9)
Adenoma/craniopharyngeoma 52 (19.1) 39 (19.1)
Meningioma GR I 61 (22.4) 35 (17.2)
Meningioma GRII 23 (8.5) 10 (4.9)
Other 31 (11.4) 39 (19.1)
Time-qb (year) 1.30 1.38
a This means tumors in both hemispheres and midline tumors like pituitary
adenomas that were transphenoidally resected.
b Time-q: time between questionnaire and surgery date in years.
Table 3
Mean scores for quantity of the memories in patients who underwent an awake craniotomy vs. patients who received general anesthesia. A Mann-Whitney U test was
performed to test for diﬀerences between groups.
Sub questions in question 1 and 2 N Mean score for quantity of memory in awake craniotomy
(95% CI)
N Mean score for quantity of memory in general
anesthesia (95% CI)
P value
Preoperative night on the ward 27 3.11 (2.65–3.57) 242 2.90 (2.73–3.07) 0.586
Arrival on the OR 27 2.63 (2.01–3.25) 243 2.63 (2.44–2.83) 0.903
Inserting the i.v. lines 27 1.15 (0.55–1.75) 243 1.37 (1.17–1.58) 0.532
Intubation – – 244 0.23 (0.14–0.33) –
Fixing the head in the Mayﬁeld clamp 27 0.74 (0.27–1.21) 244 0.18 (0.09–0.27) <0.001
Local anesthesia of surgical ﬁeld 27 0.67 (0.18–1.16) 244 0.19 (0.10–0.28) 0.001
Craniotomy 27 0.15 (0.00–0.36) 240 0.02 (0.00–0.04) 0.053
Testing brain function 27 2.44 (1.94–2.95) – – –
Tumor resection 27 1.93 (1.36–2.50) 244 0.03 (0.00–0.06) <0.001
Closure of surgical ﬁeld 27 0.07 (0.00–0.18) 239 0.00 (0.00–0.01) 0.001
Transport to the ICU/ PACU 27 1.37 (0.80–1.94) 243 0.27 (0.16–0.37) <0.001
Extubation – – 242 0.18 (0.10–0.26) –
First night on the ICU/ PACU 27 2.48 (1.99–2.98) 241 1.72 (1.54–1.90) 0.008
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operated under general anesthesia, it became evident, that not the
malignancy of the tumor, but the anesthesia technique has the highest
impact on this diﬀerence (Table 5b).
3.2. Correlation analysis
There was a signiﬁcant positive correlation between the sum scores
of the answers related to the quantity of memories and the sum scores
of the answers related to quality of memories (P < 0,001, Table 6). So,
patients who remembered more, experienced the perioperative period
in a more positive way than patients who remembered less. There was a
signiﬁcant positive correlation between the sum scores of the answers
related to the quality of memories and the overall satisfaction score
regarding the perioperative period, independent of the anesthesia
technique used.
We performed a correlation analysis between the duration of an-
esthesia and the quality and quantity of memories and found for both a
signiﬁcant but small negative correlation, meaning that patients un-
dergoing longer procedures have a lower quality and quantity of
Table 4
Mean scores for quality of the memories in patients who underwent an awake craniotomy vs. patients who received general anesthesia. A Mann-Whitney U test was
performed to test for diﬀerences between groups.
Sub questions in question 1 and 2 N Mean score for quality of memory when awake
craniotomy (95% CI)
N Mean score for quality of memory when general
anesthesia (95% CI)
P value
Preoperative night on the ward 25 4.48 (3.19–3.77) 217 4.12 (3.99–4.26) 0.144
Arrival on the OR 21 4.29 (3.88–4.70) 197 4.27 (4.14–4.40) 0.937
Inserting the i.v. lines 11 3.55 (2.85–4.24) 119 3.59 (3.40–3.77) 0.833
Intubation – – 29 3.34 (3.09–3.60) –
Fixing the head in the Mayﬁeld clamp 7 3.43 (2.70–4.16) 21 3.43 (3.01–3.85) 0.832
Local anesthesia of surgical ﬁeld 7 2.86 (2.22–3.50) 20 3.55 (3.04–4.06) 0.097
Craniotomy 2 2.50 (0.00–5.00) 4 2.50 (0.91–4.09) 0.784
Testing brain function 22 4.14 (3.72–4.55) – – –
Tumor resection 18 3.94 (3.48–4.41) 4 3.00 (0.40–5.60) 0.213
Closure of surgical ﬁeld 1 – 1 – –
Transport to the ICU/ PACU 15 4.27 (3.82–4.71) 30 3.57 (3.17–3.97) 0.032
Extubation – – 25 3.32 (2.83–3.81) –
First night on the ICU/ PACU 24 3.54 (3.97–4.11) 172 3.76 (3.60–3.92) 0.541
Table 5a
Diﬀerences between awake craniotomy and general anesthesia in sum score of quantity and quality of memory, overall satisfaction and anxiety. A Mann-Whitney U
test was performed to test for diﬀerences between groups.
N Awake craniotomy N General anesthesia P value
Mean sum score of quantity of memory (95% CI) 27 16,74 (13.54–19.94) 245 9.63 (8.93–10.34) <0.001
Mean sum score of quality of memory (95% CI) 25 24.16 (20.79–27.53) 233 14.01 (13.19–14.84) <0.001
Mean overall satisfaction score 27 8.04 (7.28–8.79) 242 8.01 (7.78–8.23) 0.823
Anxiety in patients prior to procedure 27 4.59 (3.39–5.79) 243 6.16 (5.77–6.54) 0.020
Anxiety in patients after procedure 27 4.26 (3.17–5.35) 237 4.70 (4.33–5.08) 0.564
Anxiety in relatives prior to procedure 27 7.48 (6.59–8.38) 238 7.92 (7.64–8.21) 0.225
Anxiety in relatives after procedure 27 6.30 (5.23–7.36) 229 6.16 (5.81–6.50) 0.785
Table 5b
Diﬀerences between benign and malignant tumors in sum score of quantity and quality of memory, overall satisfaction and preoperative anxiety. A Mann-Whitney U
test was performed to test for diﬀerences between groups.
AC malignant GA malignant P value* GA
benign
P value**
Mean sum score for quantity of memory 16.04
(n= 25)
10.31
(n= 72)
0.001 9.41
(n= 132)
0.194
Mean sum score for quality of memory 23.57
(n= 23)
14.68
(n= 69)
< 0.001 13.62
(n= 125)
0.214
Mean score for pre-operative anxiety 4.84
(n= 25)
6.09
(n= 70)
0.096 6.20
(n= 132)
0.655
Mean satisfaction score 8.00
(n= 25)
8.27
(n= 70)
0.774 7.82
(n= 131)
0.237
* P value for diﬀerence between AC malignant vs GA malignant.
** P value for diﬀerence between the GA malignant group vs the GA benign group.
Table 6
Correlation analysis.
Correlation Spearman’s rho P value
Sum score quantity of memory with sum score
quality of memory
0.801 <0.001
Time-q with sum score quantity of memory −0.019 0.760
Time-q with sum score quality of memory 0.023 0.708
Sum score of quantity of memory with overall
satisfaction score
0.066 0.281
Sum score of quality of memory with overall
satisfaction score
0.186 0.003
Sum score quantity of memory with age −0.352 <0.001
Sum score quality of memory with age −0.273 <0.001
Sum score quantity of memory with duration of
anesthesia
−0.143 0.018
Sum score quality of memory with duration of
anesthesia
−0.197 0.001
Anxiety prior to surgery with age 0.050 0.417
Anxiety looking back at surgery with age 0.022 0.725
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memories (Table 6).
There was a signiﬁcant negative correlation between age and
quantity and quality of the memory (P=0.013 vs P < 0.001). Older
patients experienced the procedure in a less positive way than patients
who were younger. There was no signiﬁcant correlation between age
and anxiety prior to and after surgery (P=0.417 vs P=0.725). There
was no signiﬁcant correlation between the time passed since the pro-
cedure (time-q) and the sum score of the answers related to the quality
and quantity of memories. A longer interval did not inﬂuence the
memories in a more positive or more negative way.
To investigate the inﬂuence of anxiety on the quantity and quality of
the memories, we performed a subgroup analysis for both general an-
esthesia and awake craniotomy. The sub-group analysis showed sig-
niﬁcant negative correlations between anxiety prior to the operation
procedure and the quantity and quality of the memories in the GA
group (P= 0.012 for quantity and P=0.003 for quality, Table 7).
There were also signiﬁcant negative correlations between anxiety after
the operation procedure and the quantity and quality of the memories
in the GA group (P= 0.005 for quantity and P=0.001 for quality). In
the AC group we found only a signiﬁcant negative correlation between
anxiety after the operation procedure and the quantity of the memories,
there was not a signiﬁcant negative correlation for quality of the
memory (P=0.018 for quantity and P=0.581 for quality). There were
no signiﬁcant correlations between anxiety prior to the operation pro-
cedure and the quality and quantity of the memories in the AC group.
In both groups (GA and AC) we found a signiﬁcant positive corre-
lation between anxiety experienced by the relatives and anxiety ex-
perienced by the patient prior and after surgery (Table 7).
The mean overall satisfaction score in the studied patient group was
8.01 (S.E. mean 0.110). There were no signiﬁcant diﬀerences in overall
satisfaction score between men (N=131) and women (N=138) (8.00
vs 8.02; P= 0.545), and patients with complete resection and remnant
of tumor (8.06 vs 8.00; P= 0.336). The mean overall satisfaction score
per diagnosis is shown in Table 8. Three patients did not ﬁll in an
overall satisfaction score.
When asked to recall speciﬁc events, men (N=70) and women
(N=70) experienced diﬀerent events as most discomforting. Men ex-
perienced the urinary catheterization the most discomforting (42.9%
N=30), followed by pain after surgery (17.1% N=12). Women found
the pain after surgery the most discomforting (24.3% (N=17), fol-
lowed by the insertion of the intravenous cannula (14.3% N=10).
Anesthesia technique
There was a signiﬁcant diﬀerence in the sum scores of the quantity
and quality of the memory between patients who underwent an awake
craniotomy and patients who received general anesthesia (P < 0.001
and P < 0.001, Table 6). The mean of the overall satisfaction score,
computed from the satisfaction scores given by the patients, was not
diﬀerent between patients who underwent an awake craniotomy and
patients who received general anesthesia (8.04 vs 8.01; P=0.823).
4. Discussion
The primary goal of this study was to investigate the link between
preoperative anxiety, the perioperative experience and the quantity and
quality of postoperative memories in patients who underwent in-
tracranial tumor surgery.
The results show that patients who remembered more, experienced
the perioperative period in a more positive way than patients who re-
membered less. This suggests that more (positive) memories are better
for coping with such a major life event. Further research is necessary to
conﬁrm this correlation and to identify possible mechanisms. Future
research should focus on psychological outcomes in relation to the
memory about the event to identify the role of memory on coping with
a major life event.
29 of the GA-patients indicated that they remembered at least
something from the moment of intubation. We did not ask for further
speciﬁcation of these memories, but considering the reported quality of
the memories it can be supposed, that these patients remember (parts
of) anesthesia induction, but not really the performance of the en-
dotracheal intubation. Due to our study design this was not further
explored.
The contrast in our study between patients who received GA who
stated to remember at least something from moments they were (sup-
posed to be) under anesthesia and patients who underwent an awake-
craniotomy but stated to remember nothing from moments they were
obviously awake and cooperative is noteworthy. We were not able to
ﬁnd an appropriate explanation for this contrast except some memory
blockade due to the initial sedation with propofol in the AC group.
For the patients who underwent an awake craniotomy, our results
Table 7
Correlation analysis of anxiety with quantity and quality of memories is general anesthesia and awake craniotomy.
Correlation General anesthesia
(Spearman's rho)
P value N Awake craniotomy
(spearman's rho)
P value N
Sum score quantity of memory with anxiety prior to operation procedure −0.161 0.012 243 −0.116 0.564 27
Sum score quantity of memory with anxiety looking back at operation procedure −0.181 0.005 237 −0.415 0.018 27
Sum score quality of memory with anxiety prior to operation procedure −0.193 0.003 243 −0.007 0.974 25
Sum score quality of memory with anxiety looking back at operation procedure −0.217 0.001 237 −0.116 0.581 25
Sum score quantity of memory with anxiety in relatives prior to operation procedure −0.022 0.736 238 −0.417 0.030 27
Sum score quantity of memory with anxiety in relatives looking back at operation procedure −0.112 0.092 229 −0.419 0.029 27
Sum score quality of memory with anxiety in relatives prior to operation procedure 0.103 0.122 226 −0.243 0.242 25
Sum score quality of memory with anxiety in relatives
looking back at operation procedure
−0.124 0.066 219 −0.226 0.277 25
Anxiety in patients prior to surgery with anxiety in relatives prior to surgery 0.377 <0.001 238 0.600 0.001 27
Anxiety in patients after surgery with anxiety in relatives after surgery 0.424 <0.001 229 0.708 < 0.001 27
Anxiety in patients prior to surgery with the overall satisfaction score −0.128 0.048 243 0.210 0.292 27
Anxiety in patients after surgery with the overall satisfaction score. −0.217 0.001 235 −0.430 0.832 27
Table 8
Mean overall satisfaction score per diagnosis.
Diagnosis N Mean score (95% CI)
Glioblastoma 32 8.31 (7.78–8.84)
Astrocytoma 32 8.09 (7.56–8.63)
Oligodendroglioma 13 8.15 (6.64–9.67)
Ependymoma 2 8.50 (0.00–10.00)
Schwannoma 6 7.83 (6.04–9.64)
Lymphoma 7 8.14 (5.91–10.00)
Metastasis 18 8.22 (7.59–8.85)
Craniopharyngioma 4 8.00 (5.40–10.00)
Cyst 7 8.42 (6.51–10.00)
Adenoma 48 7.75 (7.20–8.29)
Meningioma WHO GR I 61 7.98 (7.53–8.43)
Meningioma WHO GR II-III 22 7.54 (6.32–8.77)
Hemangioblastoma 7 8.57 (7.84–9.30)
Other 9 7.88 (6.91–8.86)
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conﬁrm the ﬁndings of our previous study in a diﬀerent population of
patients [6]. In the current study an even larger group of patients in the
awake craniotomy group answered that they had no memories at all of
the consecutive perioperative steps. The quality of the memories was in
both studies mostly positive.
These ﬁndings also conﬁrm earlier studies by other authors,
showing that patient’s acceptance and satisfaction for awake cranio-
tomies is relatively high [7–11] and that an awake craniotomy is ab-
solutely not more (and maybe even less) stressful than general an-
esthesia [12]. Our ﬁndings when comparing malignant and benign
tumors (Table 5b) support this hypothesis: even patients undergoing an
awake craniotomy for a malignant tumor have a higher quality of
memories and a tendency to less anxiety and more satisfaction than
patients undergoing resection of a (benign) tumor under general an-
esthesia.
Our ﬁndings about anxiety in the patients and their relatives and the
negative correlation between anxiety and the memories especially in
the GA group raises the question, what role the experienced anxiety (by
the relatives) plays in coping with such a major life event for the pa-
tient? Interestingly, the mean scores for the experienced anxiety in the
relatives were higher than the mean scores for anxiety in the patient
preoperatively and remain higher postoperatively. A possible explana-
tion for this ﬁnding could be the experienced inability to help the pa-
tient for the relatives. The relatives of the patient have to watch how
the patient is dealing with his disease, with only limited options to
provide help. This can be very stressful for the relatives of the patient,
whilst the patient can sense this stress. Our ﬁndings concerning anxiety
are in line with an earlier study of Petruzzi et al. [13], who showed that
caregivers of patients diagnosed with a brain tumor experience more
symptoms of anxiety, than the patient himself. Therefore, it is im-
portant to pay attention to the anxiety in the relatives of the patient,
and how they are coping with the situation, too.
As far as we could ﬁnd in the available literature, our ﬁndings of a
decreased quality and quantity of memories in case of longer lasting
procedures have not yet been described before. In opposite, for colo-
noscopies evidence was found that lengthy procedures were not re-
membered as particularly aversive [14].
Our results concerning the correlation between age and anxiety and
diﬀerences in experienced anxiety between men and women are in line
with Ruis et al [15]. However, we found a lower pre-operative mean
anxiety score, which might be due to the diﬀerence in the used ques-
tionnaires. The questions in our questionnaire were about the general
experience of anxiety and inconveniences, whilst Ruis et al. asked about
speciﬁc anxieties patients may have about the procedure. This could be
helpful in expectation management in patients undergoing brain tumor
surgery, too.
In contrast, a study of Milian et al. [16] showed that 44% of the
patients who underwent an awake craniotomy had either repetitive
recollections or dreams who were related to the surgery, and 2 out of 16
patients were diagnosed to have PTSD. In our center, patients who are
planned for an awake craniotomy receive an intensive information and
preparation interview, which is done with video and slides by the re-
sponsible anesthesiologist who also will provide the care for the patient
during the operation. We consider this preparation and the quite active
role for the patient during the surgery as crucial factors for the positive
results in our population. From our point of view, it would be unethical
to proof this by a prospective interventional trial.
Santini et al. identiﬁed psychological warning signs like fear of pain,
anxiety and the incapability of self-control as predictive for in-
traoperative monitoring failures [17]. These criteria might be helpful in
patient selection.
This links also to the recent ﬁndings of Jenkins et al. [18], who
showed that patients with brain tumors have more emotional changes,
such as depression, and personality disturbances after surgery than a
control group that had undergone spinal surgery. Another study by
Richter et al. [19] suggests that white matter damage could be a cause
for these psychological symptoms.
In the assessment of factors that might have inﬂuenced the appre-
ciation of the patient perception about the perioperative period, the
quantity and quality of memories should be taken into consideration.
Patients who remember more about the perioperative period may be
able to process such a major life event in a better way than patients who
remember less.
We studied a relative large group of patients and had a relative large
group of responders (> 57%). This provided the opportunity to ex-
amine the diﬀerences between responders and non-responders.
However, we could not identify any structural diﬀerences between
these groups. In our study population no generalized seizures occurred
during AC, local seizures due to stimulation were treated with local ice
water application at the surgical ﬁeld only.
Our data do not conﬁrm previously published evidence [20], that
men are more satisﬁed with the care provided. Almost every patient in
our study went to the PACU (Post Anesthesia Care Unit) or ICU after the
operation. On the PACU and ICU there is a lower patients/nurse-ratio
and therefore a higher and more personal level of care provided to all
patients than on a recovery room followed by care on a normal ward.
In contrast to the earlier mentioned study [20], our patients who
were older remembered less and gave a lower score for their experience
of the perioperative period. We were not able to reveal a convincing
cause for this phenomenon; however, with an aging population it de-
serves special attention in future research.
The sum score for the quantity of memories was surprisingly low in
our awake craniotomy group. This was mainly caused by the low score
for quantity of memory about the local anesthesia of the operation area
and the placement of the head of the patient in the Mayﬁeld clamp
whilst both are performed according to our protocol with an awake and
cooperative patient. However, we routinely give a bolus of about 50
mcg remifentanil before the local inﬁltration, which might inﬂuence
the memories. We were not able to identify other possible factors that
could explain this relative low score for these items.
4.1. Limitations
There are some limitations to this study. This was a retrospective
study and although an intracranial surgery is a major life event, this
could lead to recall bias in memories about the surgery. “Memory” as a
neuropsychological correlate is a multi-location phenomenon. Memory
formation might be inﬂuenced by location, grade and size of the tumor,
too. However, these aspects cannot be clearly attributed to memory
formation and therefore, we decided not to perform additional sub-
group analyses.
The questionnaire used in this study was based on validated ques-
tionnaires, but was by itself not validated before this study. The authors
did not ﬁnd an applicable validated questionnaire for the central
question of this study, therefore a new approach had to be chosen.
Furthermore, there could be a positive eﬀect on patient satisfaction
simply by showing interest in how the patient experienced the perio-
perative period.
Our questions about the psychological aspects in the used ques-
tionnaire are much more general as the often used Hospital Anxiety and
Depression Scale (HADS), however, we studied a relative large patient
group and our ﬁndings are largely in line with studies which used the
HADS in patients with a brain tumor.
The anxiety scores for the relatives of the patients were reported by
the patient self. This could lead to bias. However, the relationship be-
tween brain tumor patients and their family caregivers is an upcoming
research topic [21], and our data only show, how intense the patients
experienced the anxiety of their relatives. This might be inﬂuenced by
concerns about an actual or anticipated change in physical and/or
cognitive performance of the patients due to the tumor and/or the
surgery.
In our study there was a varying time interval between the
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operation and the moment the patients received our questionnaire. This
might inﬂuence the results; however, we did not ﬁnd any signiﬁcant
correlation between the time interval (time-q) and the quantity nor the
quality of the memories.
Another limitation of this study is the fact, that we do not have any
information about the ethnic-cultural background and educational level
of the patients, whilst coping mechanisms most probably will be in-
ﬂuenced by these factors. Interestingly, literature for brain tumor pa-
tients on this aspect is lacking.
This is a mono-center study, which might make it diﬃcult to ex-
trapolate our results to other centers working in a diﬀerent way.
Nevertheless, many aspects of brain tumor surgery show a world-wide
uniformity which makes this limitation less relevant.
Our study interval is too short to come to a conclusion whether the
quality and quantity of memories have any link with patients’ outcome.
Future studies will address this question.
5. Conclusions
The quantity of memories of the perioperative period in patients
undergoing brain tumor surgery is low and the quality of these mem-
ories is quite positive. Patients who underwent an awake craniotomy
had a higher quantity and quality of memory about the procedure than
patients undergoing general anesthesia.
We found selective aspects of unpleasant memories like the urinary
catheter especially in men and pain in both sexes, which should be
addressed better in pre-operative consulting and postoperative man-
agement to further increase patient satisfaction.
However, the total quantity of memories after an awake craniotomy
is much lower than one would expect considering the fact that the
patients are literally awake and fully cooperative for long parts of the
procedure. Planned intraoperative awareness does not seem to be
traumatizing for the patients.
Patients who remembered more about the perioperative period,
experienced the perioperative period in a more positive way than pa-
tients who remembered less. This is independent of the anesthesia
technique used. A possible explanation of these ﬁndings is that patients
who remember more are better able to cope with their perioperative
experiences.
Patients in the GA group, who experienced more anxiety prior to
and looking back at the operation procedure had a lower quantity and
quality of their memories. Furthermore, patients in this group who
experienced more anxiety prior to and when looking back at the op-
eration procedure had less patient satisfaction.
In the AC group only patients who experienced more anxiety in the
days after the operation procedure had a lower quantity of their
memories. Patients in this group who experienced more anxiety had not
less patient satisfaction.
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